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(57) ABSTRACT

A stack package structure 1s provided, including: a substrate;
an mnsulating layer formed on the substrate and having open-
ings for exposing die attach pads and conductive pads of the
substrate, respectively; a plurality of first and second conduc-
tive terminals formed on the insulating layer and electrically
connected to the die attach pads and the conductive pads,
respectively; a dielectric layer formed on the insulating layer
and having a cavity for exposing the first conductive terminals
and a plurality of openings exposing the second conductive
terminals; copper pillars formed respectively 1n the openings
of the dielectric layer; a semiconductor chip disposed in the
cavity and electrically connected to the first conductive ter-
minals; solder balls formed respectively on the copper pillars

that are located proximate to the die attach area; and a pack-
age structure disposed on and electrically connected to the

solder balls.

20 Claims, 4 Drawing Sheets
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STACK PACKAGE STRUCTURE AND
FABRICATION METHOD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims under 35 U.S.C. §119(a) the ben-
efit of Tatwanese Application No. 1001435416, filed Dec. 8,

2011, the entire contents of which 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to stack package structures
and fabrication methods thereof, and, more particularly, to a
stack package structure having copper pillars and a fabrica-
tion method thereof.

2. Description of Related Art

Along with the mimaturization of electronic products, less
area 1s available on packaging substrates for disposing semi-
conductor chips or package structures. Accordingly, vertical
stacking technologies have been developed to provide stack
package structures. A plurality of solder balls are disposed on
a package structure so as for another package structure to be
stacked thereon, thus forming a package-on-package (PoP)
structure that meets the requirement of high component den-
sity on a small bonding area.

FIGS. 1A to 1E are schematic cross-sectional views show-
ing a conventional stack package structure and a fabrication
method thereof.

Referring to FI1G. 1A, a substrate 10 1s provided. A surface
101 ofthe substrate 10 has a plurality of die attach pads 11 and
a plurality of conductive pads 12 disposed around the die
attachpads 11. An insulating layer 13 1s formed on the surface
101 of the substrate 10 and has a plurality of openings 130 for
exposing the die attach pads 11 and the conductive pads 12. A
plurality of first solder balls 14 are disposed on the die attach
pads 11.

Referring to FI1G. 1B, a semiconductor chip 13 1s disposed
on the first solder balls 14.

Referring to FIG. 1C, an encapsulant 16 1s formed on the
substrate 10 to encapsulate the semiconductor chip 15.

Referring to FIG. 1D, a plurality of second solder balls 17
are disposed on the conductive pads 12.

Referring to FI1G. 1E, a package structure 18 1s disposed on
the second solder balls 17, thus forming a PoP package struc-
ture.

In the above-described PoP package structure, the second
solder balls 17 on the conductive pads 12 must have a large
s1Ze so as to prevent the package structure 18 from coming
into contact with the semiconductor chip 15. The large-size
solder balls occupy much area of the substrate and increase
the thickness of the overall package structure, thereby
adversely affecting the minmiaturization of electronic prod-
ucts.

Therefore, there 1s a need to provide a stack package struc-
ture and a fabrication method thereotf so as to overcome the
above-described drawbacks.

SUMMARY OF THE INVENTION

In view of the above-described drawbacks, the present
invention provides a stack package structure, which com-
prises: a lirst substrate having a first surface with a die attach
area and a peripheral area defined thereon and a second sur-
face opposite to the first surface, wherein the die attach area
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has a plurality of die attach pads, and the peripheral area has
a plurality of first conductive pads; a first msulating layer
formed on the first surface of the first substrate and having a
plurality of openings for exposing the die attach pads and the
first conductive pads, respectively; a plurality of first conduc-
tive terminals and a plurality of second conductive terminals
formed on the first insulating layer and electrically connected
to the die attach pads and the first conductive pads, respec-
tively; a dielectric layer formed on the first insulating layer
and having a cavity corresponding in position to the die attach
area to expose the first conductive terminals and a plurality of
openings for exposing the second conductive terminals; a
plurality of first copper pillars formed respectively on the
second conductive terminals 1n the openings of the dielectric
layer; a first semiconductor chip disposed 1n the cavity of the
dielectric layer and electrically connected to the first conduc-
tive terminals; a plurality of first solder balls formed respec-
tively on the first copper pillars that are located proximate to
the die attach area; and a first package structure disposed on
and electrically connected to the first solder balls.

The above-described structure can further comprise a plu-
rality of second copper pillars formed respectively on the first
copper pillars that are located distant from the die attach area;
a plurality of second solder balls formed respectively on the
second copper pillars; and a second package structure dis-
posed on and electrically connected to the second solder balls.

The present invention further provides a Zfabrication
method of a stack package structure, which comprises the
steps of: providing a first substrate having a first surface with
a die attach area and a peripheral area defined thereon and a
second surface opposite to the first surface, wherein the die
attach area has a plurality of die attach pads, and the periph-
cral area has a plurality of first conductive pads; forming a
first insulating layer on the first surface of the first substrate
and forming a plurality of openings in the first insulating layer
for exposing the die attach pads and the first conductive pads,
respectively; forming on the first insulating layer a plurality
of first conductive terminals and a plurality of second con-
ductive terminals electrically connected to the die attach pads
and the first conductive pads, respectively; forming a dielec-
tric layer on the first insulating layer and forming in the
dielectric layer a cavity corresponding in position to the die
attach area to expose the first conductive terminals and a
plurality of openings for exposing the second conductive
terminals; forming a plurality of first copper pillars on the
second conductive terminals 1n the openings of the dielectric
layer, respectively; disposing a first semiconductor chip inthe
cavity of the dielectric layer and electrically connecting the
first semiconductor chip and the first conductive terminals;
forming a plurality of first solder balls respectively on the first
copper pillars that are located proximate to the die attach area;
and disposing and electrically connecting a first package
structure to the first solder balls.

The method can further comprise: after forming the first
copper pillars, forming a plurality of second copper pillars
respectively on the first copper pillars that are located distant
from the die attach area; and, after disposing the first package
structure, forming a plurality of second solder balls respec-
tively on the second copper pillars so as to dispose and elec-
trically connect a second package structure to the second
solder balls.

Therelore, by disposing a sesmiconductor chip 1n a cavity of
a dielectric layer and disposing package structures on copper
pillars of different heights, the present invention effectively
reduces the size of solder balls between the package struc-
tures and the copper pillars and also effectively reduces the
planar size and thickness of the overall structure. Further, the
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copper pillars can be formed through stencil printing so as to
achieve high yield, fine pitch and high uniformaity.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A to 1E are schematic cross-sectional views show-
ing a conventional stack package structure and a fabrication
method thereot; and

FIGS. 2A to 2] are schematic cross-sectional views show-
ing a stack package structure and a fabrication method thereof
according to the present invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

The following illustrative embodiments are provided to
illustrate the disclosure of the present invention, these and
other advantages and eflects can be apparent to those in the art
alter reading this specification.

It should be noted that all the drawings are not intended to
limit the present invention. Various modification and varia-
tions can be made without departing from the spirit of the
present invention. Further, terms such as “on,” “around,”
“s1de” etc. are merely for illustrative purpose and should not
be construed to limit the scope of the present invention.

FIGS. 2A to 2] are schematic cross-sectional views show-
ing a stack package structure and a fabrication method thereof
according to the present invention.

Referring to FIG. 2A, afirst substrate 20 1s provided, which
has a first surface 20a with a die attach area 201 and a periph-
cral area 202 defined thereon and a second surface 205 oppo-
site to the first surface 20a. The die attach area 201 has a
plurality of die attach pads 211, and the peripheral area 202
has a plurality of first conductive pads 212. A first insulating,
layer 22a 1s formed on the first surface 20a and has a plurality
of openings 220a for exposing the die attach pads 211 and the
first conductive pads 212, respectively. The second surface
206 has a plurality of second conductive pads 213, and a
second 1sulating layer 225 1s formed on the second surface
206 and has a plurality of opemings 2205 for exposing the
second conductive pads 213, respectively. The first substrate
20 further has a plurality of conductive through holes 203
penetrating the first and second surfaces 20a, 205 and elec-
trically connected to the die attach pads 211, the first conduc-
tive pads 212 and the second conductive pads 213.

Referring to FIG. 2B, a plurality of first conductive termi-
nal 231 and a plurality of second conductive terminals 232 are
tormed on the first insulating layer 22a and electrically con-
nected to the die attach pads 211 and the first conductive pads
212, respectively.

Referring to FIG. 2C, a dielectric layer 24 1s formed on the
first insulating layer 22a. The dielectric layer 24 1s made of a
photosensitive material.

Referring to FIG. 2D, a cavity 241 1s formed 1n the dielec-
tric layer 24 corresponding in position to the die attach area
201 to expose the first conductive terminals 231, and a plu-
rality of openings 242 are formed 1n the dielectric layer 24 for
exposing the second conductive terminals 232, respectively.

Referring to FIG. 2E, a plurality of first copper pillars 251
are formed respectively on the second conductive terminals
232 1n the openings 242 of the dielectric layer 24 through a
stencil printing process with the use of a stencil 261.

Referring to FIG. 2F, a plurality of second copper pillars
252 are formed on the first copper pillars 231 that are located
distant from the die attach area 201 through a stencil printing
process with the use of a stencil 262.
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Retferring to FIG. 2G, a first semiconductor chip 27 1s
disposed 1n the cavity 241 of the dielectric layer 24 and
clectrically connected to the first conductive terminals 231.

Referring to FIG. 2H, an underfill 28 or an encapsulant 1s
formed between the first semiconductor chip 27 and the first
surtace 20a of the first substrate 20.

Referring to FIG. 21, a plurality of first solder balls 30 are
formed on the first copper pillars 251 that are located proxi-
mate to the die attach area 201, and a first package structure 3
1s disposed on and electrically connected to the first solder
balls 30. The first package structure 3 has a second substrate
31 and a second semiconductor chip 32 disposed on the
second substrate 31 1n a flip-chip manner. The first package
structure 3 1s disposed 1n a manner that the second semicon-
ductor chip 32 1s located between the second substrate 31 and
the dielectric layer 24. Further, a plurality of solder bumps 29
are formed on the second conductive pads 213, respectively.

Referring to FIG. 21, a plurality of second solder balls 40
are formed on the second copper pillars 252, respectively, and
a second package structure 4 1s disposed on and electrically
connected to the second solder balls 40. The second package
structure 4 has a third substrate 41 and a third semiconductor
chip 42 disposed on the third substrate 41 1n a flip-chip man-
ner. The second package structure 4 1s disposed 1n a manner
that the third substrate 41 1s located between the third semi-
conductor chip 42 and the second substrate 31.

The present invention further provides a stack package
structure, which has: a first substrate 20 having a first surface
20a a with a die attach area 201 and a peripheral area 202
defined thereon and a second surface 2056 opposite to the first
surface 20a, wherein the die attach area 201 has a plurality of
die attach pads 211, and the peripheral area 202 has a plurality
of first conductive pads 212; a first insulating layer 22qa
formed on the first surtace 20a of the first substrate 20 and
having a plurality of openings 220a for exposing the die
attach pads 211 and the first conductive pads 212, respec-
tively; a plurality of first conductive terminals 231 and a
plurality of second conductive terminals 232 formed on the
first insulating layer 22a and electrically connected to the die
attach pads 211 and the first conductive pads 212, respec-
tively; a dielectric layer 24 formed on the first insulating layer
22a and having a cavity 241 corresponding in position to the
die attach area 201 to expose the first conductive terminals
231 and a plurality of openings 242 for exposing the second
conductive terminals 232; a plurality of first copper pillars
251 formed respectively on the second conductive terminals
232 1n the openings 242 of the dielectric layer 24; a first
semiconductor chip 27 disposed in the cavity 241 of the
dielectric layer 24 and electrically connected to the first con-
ductive terminals 231; a plurality of first solder balls 30
formed respectively on the first copper pillars 251 that are
located proximate to the die attach area 201; and a first pack-
age structure 3 disposed on and electrically connected to the
first solder balls 30.

In the above-described stack package structure, the first
package structure 3 has a second substrate 31 and a second
semiconductor chip 32 disposed on the second substrate 31 1n
a flip-chip manner. The first package structure 3 1s disposed 1n
a manner that the second semiconductor chip 32 is located
between the second substrate 31 and the dielectric layer 24.

The stack package structure further has: a plurality of sec-
ond copper pillars 252 formed respectively on the first copper
pillars 251 that are located distant from the die attach area
201, a plurality of second solder balls 40 formed respectively
on the second copper pillars 252, and a second package struc-
ture 4 disposed on and electrically connected to the second

solder balls 40.
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The second package structure 4 has a third substrate 41 and
a third semiconductor chip 42 disposed on the third substrate
41 1n a flip-chip manner. The second package structure 4 1s
disposed 1n a manner that the third substrate 41 1s located
between the third semiconductor chip 42 and the second
substrate 31.

In the above-described stack package structure, the second
surface 205 of the first substrate 20 has a plurality of second
conductive pads 213. A second mnsulating layer 2256 1s formed
on the second surface 205 and has a plurality of openings
22056 for exposing the second conductive pads 213, respec-
tively.

Further, the first substrate 20 has a plurality of conductive
through holes 203 penetrating the first surface 20a and the
second surface 206 and electrically connected to the die
attach pads 211, the first conductive pads 212 and the second
conductive pads 213.

The above-described stack package structure further has a
plurality of solder bumps 29 formed on the second conductive
pads 213, respectively; and an undertill 28 or an encapsulant
formed between the first semiconductor chip 27 and the first
surtace 20a of the first substrate 20.

Theretfore, by disposing a semiconductor chip in a cavity of
a dielectric layer and disposing a plurality of package struc-
tures on copper pillars of different heights, the present inven-
tion effectively reduces the size of solder balls between the
package structures and the copper pillars and also effectively
reduces the planar size and thickness of the overall structure.
Further, the copper pillars can be formed through stencil
printing so as to achueve high yield, fine pitch and high uni-
formaty.

The above-described descriptions of the detailed embodi-
ments are only to illustrate the preferred implementation
according to the present invention, and 1t 1s not to limait the
scope of the present invention. Accordingly, all modifications
and vanations completed by those with ordinary skill in the
art should fall within the scope of present invention defined by
the appended claims.

What 1s claimed 1s:

1. A stack package structure, comprising:

a first substrate having a first surface with a die attach area
and a peripheral area defined thereon and a second sur-
face opposite to the first surtace, wherein the die attach
area has a plurality of die attach pads, and the peripheral
area has a plurality of first conductive pads;

a first insulating layer formed on the first surface of the first
substrate and having a plurality of openings for exposing
the die attach pads and the first conductive pads;

a plurality of first conductive terminals and a plurality of
second conductive terminals disposed on the first insu-
lating layer and electrically connected to the die attach
pads and the first conductive pads;

a dielectric layer formed on the first mnsulating layer, the
dielectric layer having a cavity corresponding in posi-
tion to the die attach area to expose the first conductive
terminals and a plurality of openings for exposing the
second conductive terminals;

a plurality of first copper pillars disposed on the second
conductive terminals 1n the openings of the dielectric
layer;

a 1irst semiconductor chip disposed in the cavity of the
dielectric layer and electrically connected to the first
conductive terminals;

a plurality of first solder balls formed on the first copper
pillars that are located proximately to the die attach area;
and
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6

a first package structure disposed on and electrically con-

nected to the first solder balls.
2. The stack package structure of claim 1, wherein the first
package structure comprises a second substrate and a second
semiconductor chip disposed on the second substrate in a
flip-chip manner, and the second semiconductor chip is
located between the second substrate and the dielectric layer.
3. The stack package structure of claim 2, further compris-
ing: a plurality of second copper pillars formed respectively
on the first copper pillars that are located distant from the die
attach area; a plurality of second solder balls formed respec-
tively on the second copper pillars; and a second package
structure disposed on and electrically connected to the second
solder balls.
4. The stack package structure of claim 3, wherein the
second package structure comprises a third substrate and a
third semiconductor chip disposed on the third substrate 1n a
tlip-chip manner, and the third substrate 1s located between
the second substrate and the third semiconductor chip.
5. The stack package structure of claim 1, further compris-
ing a plurality of second conductive pads formed on the
second surface of the first substrate, and a second insulating
layer formed on the second surface of the first substrate and
having a plurality of openings for exposing the second con-
ductive pads, respectively.
6. The stack package structure of claim 35, further compris-
ing a plurality of conductive through holes penetrating the
first and second surfaces of the first substrate and electrically
connected to the die attach pads, the first conductive pads and
the second conductive pads.
7. The stack package structure of claim 3, further compris-
ing a plurality of solder bumps formed on the second conduc-
tive pads, respectively.
8. The stack package structure of claim 1, further compris-
ing an underfill or an encapsulant formed between the first
semiconductor chip and the first surface of the first substrate.
9. The stack package structure of claim 1, wherein the
dielectric layer 1s made of a photosensitive material.
10. A fabrication method of a stack package structure,
comprising the steps of:
providing a first substrate having a first surtace with a die
attach area and a peripheral area defined thereon and a
second surface opposite to the first surface, wherein the
die attach area has a plurality of die attach pads, and the
peripheral area has a plurality of first conductive pads;

forming a first insulating layer on the first surface of the
first substrate and forming a plurality of openings 1n the
first insulating layer for exposing the die attach pads and
the first conductive pads, respectively;
forming on the first msulating layer a plurality of first
conductive terminals and a plurality of second conduc-
tive terminals electrically connected to the die attach
pads and the first conductive pads, respectively;

forming a dielectric layer on the first insulating layer and
forming 1n the dielectric layer a cavity corresponding 1n
position to the die attach area to expose the first conduc-
tive terminals and a plurality of openings for exposing
the second conductive terminals;

forming a plurality of first copper pillars on the second

conductive terminals 1n the openings of the dielectric
layer, respectively;
disposing a first semiconductor chip in the cavity of the
dielectric layer and electrically connecting the {first
semiconductor chip and the first conductive terminals;

forming a plurality of first solder balls respectively on the
first copper pillars that are located proximate to the die
attach area; and
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disposing and electrically connecting a first package struc-

ture to the first solder balls.

11. The fabrication method of claim 10, wherein the first
package structure comprises a second substrate and a second
semiconductor chip disposed on the second substrate 1n a
flip-chip manner, and the second semiconductor chip is
located between the second substrate and the dielectric layer.

12. The fabrication method of claim 11, further compris-

ing: after forming the first copper pillars, forming a plurality
ol second copper pillars respectively on the first copper pillars
that are located distant from the die attach area; and, after
disposing the first package structure, forming a plurality of
second solder balls respectively on the second copper pillars
so as to dispose and electrically connect a second package
structure to the second solder balls.

13. The fabrication method of claim 12, wherein the second
package structure comprises a third substrate and a third
semiconductor chip disposed on the third substrate 1n a tlip-
chip manner, and the third substrate 1s located between the
second substrate and the third semiconductor chip.

14. The fabrication method of claim 12, wherein the second
copper pillars are formed by stencil printing.
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15. The fabrication method of claim 10, wherein the second
surface of the first substrate has a plurality of second conduc-
tive pads, and the method further comprises forming a second
insulating layer on the second surface of the first substrate and
forming a plurality of openings 1n the second 1insulating layer
for exposing the second conductive pads, respectively.

16. The fabrication method of claim 15, wherein the first
substrate has a plurality of conductive through holes penetrat-
ing the first and second surfaces thereof and electrically con-
nected to the die attach pads, the first conductive pads and the
second conductive pads.

17. The fabrication method of claim 15, further comprising
forming a plurality of solder bumps on the second conductive
pads, respectively.

18. The fabrication method of claim 10, further comprising
forming an underfill or an encapsulant between the first semi-
conductor chip and the first surface of the first substrate.

19. The fabrication method of claim 10, wherein the dielec-
tric layer 1s made of a photosensitive material.

20. The fabrication method of claim 10, wherein the first
copper pillars are formed by stencil printing.
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